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Abstract
Objective—Evaluate a home-based intervention targeted toward parents to improve vegetable
intake in preschool-aged children.
Methods—4-month, feasibility study of home-based intervention consisting of 4 tailored
newsletters, 2 motivational phone calls compared to control: 4 children’s books; measured pre-and
post parent-reported physical and social home environment and child vegetable intake in 22
intervention and 21 control homes with a child 2–5 years assessed with linear regression of group
predicting home environment and diet characteristics post-intervention, adjusting for baseline (p<.
05 significant).
Results—Intervention increased availability of vegetables (+1.5± 2.5 vegetable types vs. −0.3 ±
2.7, P=0.02), offering fruits and vegetables for snacks (+0.95±1.5 days/week vs. −0.05± 1.9,
P=0.04), self-efficacy (+2.4± 4.1 vs. −0.3 ± 2.0, P=0.02).
Conclusions and Implications—Suggests potential for home-based interventions to alter
parent behaviors such as feeding practices and the home physical environment, which may be
steps toward increasing vegetable intake in children.
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Adequate vegetable intake, as part of an overall healthy life style has the potential to prevent
obesity and chronic disease1,2. Eating vegetables during early childhood is especially
important because health behaviors continue into adolescence and young adulthood3.
Children develop disease risk factors early4, and childhood exposures may influence life-
long disease risks5,6. Data from the 1999–2000 National Health and Nutrition Examination
Survey show that neither children 2–3 years old nor 4–8 years old consume the
recommended amounts of fruits or vegetables7.
Since parents determine many aspects of the home environment, their decisions shape health
habits of young children8. Within the home, both physical features (availability and
accessibility) and social factors (feeding practices, parental modeling and policies within the
home) can influence eating behavior9. Modifications to the home environment is a potential
approach to increase vegetable intake in children10. Experimental11 and observational
studies12,13 have shown that preferences can be changed from sweet foods to vegetables, by
changing parent feeding practices.
Interventions targeted at parents of preschoolers, focusing on the parent as an agent of
dietary change, may be effective for influencing child dietary behavior; this has been
effective in weight management programs for obese children14,15. However, such
approaches are often resource-intensive, making implementation and/or dissemination
difficult. Bauman and colleagues showed the efficacy of brief, family-based interventions
for alcohol and drug abuse prevention including newsletters and periodic phone calls16–19;
this approach might be feasible for improving dietary habits.
The Family Ties to Health program was designed to improve vegetable intake in young
children, using a 4-month, home-based intervention targeting the parent and home
environment. In this paper we describe the program and an evaluation of the program’s
effectiveness, including its impact on vegetable consumption, parent self-efficacy, and home
environment factors as well as parents’ receptivity to this approach.
METHODS
Participants and Recruitment
A convenience sample of 50 parent-child dyads, with at least one child age 2 to 5 years, was
recruited through childcare centers, listservs, and community postings. Interested parents
responded to recruitment materials and were screened by phone. Additional eligibility
criteria included having lived in their current residence and planning to stay in that residence
for at least 6 months. If the family had more than one eligible child, the eldest was selected
as the reference child; parents were instructed to think specifically about this child while
completing questionnaires. Two control group families had incomplete baseline
assessments; three intervention and two control families did not complete follow-up
assessments. This final sample included 22 intervention and 21 control families.
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Parents who enrolled agreed to a home visit or brought their child to a central study location
for height and weight measurement. At this meeting, parents received three baseline
surveys: the Healthy Home Checklist, the Parenting Survey, and a Food Frequency
Questionnaire (FFQ). Parents completed these measures independently and did not receive
assistance by project staff. After this meeting, families were randomly assigned to the
intervention or the control group. Post-intervention surveys were mailed to all participants,
and intervention families were sent an additional Program Evaluation questionnaire for
return in prepaid envelopes. Implemented between April and December 2009, participation
lasted approximately 5 months from baseline to follow-up data collection. Participants
received $25 for each set of surveys returned ($50 total).Informed consent was obtained
from the parent, and all study procedures were reviewed and approved by the UNC Public
Health-Nursing Institutional Review Board.
Intervention
The intervention included two phone calls and four newsletters over four months. After
returning baseline surveys, intervention group parents received the first individual phone
call. A registered dietitian trained in the use of motivational interviewing techniques
conducted calls at a time convenient for the parent. The first call addressed vegetable and
food issues based on the baseline surveys, and the dietitian helped parents select one primary
target area for improvement during the intervention from four possible options (vegetable
availability; picky eating; modeling; family meals). These areas were selected based on
Social Cognitive Theory which posits that there is reciprocal interaction between an
individual and his/her environment. This theory also highlights the importance of self-
efficacy, thus this was a target of the intervention as well20. Content on each of the four
topics was included in all newsletters, but the order and quantity of the content was adjusted
based on the parent-identified intervention goal (See Table 1 for the topics covered in each
newsletter). Parents received four 4-page newsletters, one per month that included the
child’s name and tailored feedback based on data from the self-assessment and phone call. A
second phone call occurred in the third month; parents were encouraged to describe
successes, use problem-solving to over come barriers, and receive support and
encouragement. The final two newsletters were sent following this second call. Control
group families received four non-health/nutrition related children’s books, one per month.
Measures
Impact Evaluation
Child BMI: Trained staff measured (in duplicate) height and weight using a Shorr infant/
child/adult stadiometer and a Seca model 770 electronic personal scale, respectively. Child
BMI was determined using height and weight measured at baseline and percentiles were
determined based on CDC guidelines.21
Child Diet: Information on the child’s intake of vegetables was collected using the Block
Kids FFQ and analyzed by Block Dietary Data Systems.22 Parents completed the FFQ
within the week following the child’s height and weight measurement.
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Home Physical Environment: A component of the Healthy Home Checklist, asked parents
to report whether 18 types of vegetables were present or absent in their home in the past
seven days; responses were summed to reflect the types of vegetables available. This parent-
report measure has been shown to correlate with vegetable availability (r = .44, P < .001)23.
Home Social Environment: The Parenting Survey included a measure of self-efficacy for
healthy weight parenting (13 items, Cronbach’s alpha=0.74), which is thought to impact
child vegetable intake. This measure assessed self-efficacy for feeding practices such as
preparing a healthy meal for the child and encouraging the child to eat healthy foods before
unhealthy ones, and was developed from a previous study by the authors (n=318,
Cronbach’s alpha=0.86, unpublished data).The Healthy Home Checklist also asked parents
about the number of days per week they and their family engaged in certain behaviors, for
example, eating dinner away from home.
Demographic Characteristics: Demographic factors, including child age, parent age, role
in the home, race/ethnicity, income, marital status, and educational attainment, and number
of adults living in the home were collected with the baseline Parenting Survey. With the
exception of height, weight, and demographic variables, all measures were repeated at
follow-up.
Program Evaluation
Process Outcomes: Using a 1–5 rating scale(5 being ‘excellent’ and 1 being ‘poor’), the
Program Evaluation asked parents to rate the newsletters, phone calls, and Healthy Home
Checklist. In addition, in open response format, parents provided feedback on what they
liked and disliked.
Data Analysis
Statistical analyses were performed using SAS (v9.1, SAS Institute Inc, Cary, NC, 2003).
Descriptive statistics were conducted for variable distributions and normality (Shapiro-Wilk
W, box-plot, and normal probability plot). Due to non-normality, vegetable intake was log-
transformed.
Differences at baseline between the intervention and control groups were examined with
Kruskal-Wallis tests (categorical variables) and two-sided students t-tests (continuous
variables).
The unadjusted differences in change scores for vegetable consumption and home
environment characteristics (vegetable availability, days/week parents reported certain
behaviors, and self-efficacy) between intervention and control groups were examined using
two-sided student’s t-tests. Because of the questionable reliability of using change scores,
the effect was further evaluated using linear regression with group (intervention/control) and
baseline data as predictors. A second set of models was created adjusting for age, as children
in the intervention group were older than those in the control group (Table 2). Relationships
were considered significant when P<0.05.
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Demographic characteristics of the sample are shown in Table 2. Participants only differed
based on child age (P=0.01). From the four possible target area options, parents selected
only availability and picky eating.
Outcome Evaluation
The results for vegetable intake and availability, days per week of parent-reported behaviors,
and self-efficacy are presented in Table 3. At baseline, there were no significant differences.
Non-potato vegetable availability significantly differed between groups only when the
difference in mean change scores (1.55 for the intervention group and −0.33 for the control
group) was examined (t(41)= −2.39, P=0.02). When the data were assessed using linear
regression, group assignment was not a significant predictor of follow-up availability.
Intervention parents significantly increased the number of times/week they suggested their
child have a fruit or vegetable for a snack by 0.95 and decreased the number of days/week
they prepared a special meal for their child by 4.5 days per week compared to the control
group −.05 and +.20 days per week, respectively. Self-efficacy improved significantly in the
intervention group compared to the control group before (P=0.03), but not after adjustment
(P=0.14).The difference in change vegetable intake between groups was not statistically
significant before (P=0.86) or after adjustment (P=0.61).
Process Evaluation
Ninety percent of parents (n=21) rated the newsletters four or five, out of five, and 76%
reported the recipes and food preparation suggestions were the most helpful aspects of the
newsletters. Phone calls ranged in length from 11–45 minutes (mean=34). Call length and
vegetable intake were unrelated at baseline or change in vegetable intake. Fourteen of 21
parents who completed program evaluations rated the phone calls as ‘very helpful’. In
general, these parents liked the more personalized feel and the opportunity to talk about their
goals as well as the professional information. Other parents (n=4), found the calls to be
‘time-consuming’ and ‘not offering much new information’. More than 75% of intervention
parents thought the self-assessments were helpful as a reflective tool and useful in
identifying areas for improvement.
DISCUSSION
Using a mail- and telephone-based intervention to modify children’s intake of vegetables,
we showed that an intervention requiring minimal resources and easy dissemination could
favorably affect physical and social characteristics of the home food environment. This
finding is consistent with other studies that have shown improvements to the home
environment and dietary behaviors in children and parents10. Unlike previous studies that
focused on both fruits and vegetables, the current intervention focused only on vegetables,
since parents often report getting their children to eat vegetables to be a particular challenge.
We hypothesized that selecting a specific behavior would be more manageable, due to the
minimal nature of the intervention.
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Previous research has shown positive associations between home food availability and
dietary intake in children24, and the current study confirmed that vegetable availability
correlated with vegetable intake in this population (r=0.32, p=0.04). Food selection is
partially determined by social learning, experience, and exposure25, especially for young
children, for whom availability depends upon the environment established by others24. This
emphasizes the importance of the positive effects of the current intervention on vegetable
availability. Evidence from a small number of other intervention studies also showed
increases in vegetable availability in intervention compared to control homes10. The change
in self-efficacy observed in this study may be particularly relevant, as parents of preschool-
aged children have identified low self-efficacy as a barrier to serving fruits and
vegetables.26,27
Process measures demonstrated that parents appreciated and used the vegetable preparation
suggestions such preparing vegetables so they are ready for snacks and the child-friendly
recipes provided, possibly explaining the increase in the number of times/week intervention
group parents suggested fruits and vegetables as snacks. Intervention parents reported that
(1) they learned that foods need to be offered many times to their child, if it is rejected
initially, (2) children should be involved in meal preparation, and (3) parents need to offer
variety and choice to increase vegetable consumption. Wardle et al. showed that changing
parental feeding practices when offering vegetables, such as eating the food in front of the
child and offering the vegetables multiple times after an initial rejection, can increase
children’s acceptance of and preference for vegetable11.
The study sample was mainly Caucasian with income and education levels higher than the
state average, limiting the generalizability of results. Further, the self-selected nature of the
study’s convenience sample may have resulted in a biased sample of those actively
interested in enhancing their child’s diet. One of the recruitment methods, use of a university
listserv, was larger and faster than expected, possibly explaining the disproportionate
inclusion of individuals from higher income and education groups. Even in this population,
parents were seeking advice about challenges with their children’s diets. Use of a monetary
incentive to complete the data collection, even in this motivated population, may have
affected parents’ survey responses and/or feeding behaviors.
Parent assessment of child diet by FFQ may not have accurately reflected children’s diets or
may not have been sensitive enough to detect changes in vegetable intake. In addition, 85%
of the children attended child care making reporting of weekday foods difficult. However,
parent-reported fruit and vegetable intake using an FFQs has been shown to correlate with
plasma carotenoid levels28. Home environment data, also collected by parent-report, may
have been affected by social desirability bias. The power to detect significant results in this
study was limited by sample size; based on group means and standard deviations in this
sample, 213 families/group would have been required to have 80% power to find significant
differences in vegetable intake.
Despite these limitations, this study demonstrates that a low-resource and feasible
intervention aimed at the parent can lead to changes to the physical and social home food
environment. Further studies should include larger, more diverse samples and longer
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intervention and follow-up periods. Additionally, future work should investigate methods to
complete more frequent assessments and provide tailored feedback using technology
(internet and mobile devices), which might increase the extent to which the intervention can
be delivered without increasing delivery costs.
IMPLICATIONS FOR RESEARCH AND PRACTICE
Consistent with previous research, this study has demonstrated that nutrition educators can
target parents as agents of change to create home environments thought to encourage healthy
dietary intakes for their children. However, this intervention took place over only a short
period of four months; future intervention studies should investigate longer-term efforts to
alter the environment, such as food availability, parent self-efficacy for healthy weight
parenting, and parent feeding practices, and determine the impact of these changes on child
food intake.
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Refer to Web version on PubMed Central for supplementary material.
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Table 2
Characteristics of the sample included in the Family Ties to Health Study
Total Sample (n=43) Intervention (n=22) Control (n=21)
Variable Category Mean (sd) Mean (sd) Mean (sd)
Child Agea Years 3.6 (0.8) 3.9 (0.7) 3.3 (0.9)
Parent Age Years 36.4 (5.4) 36.6 (6.1) 36.2 (4.7)
Parent BMI 26.4 (5.4) 26.6 (5.1) 26.1 (5.6)
n (%) n (%) n (%)
Race/Ethnicity
White (non-Hispanic) 37 (86.1) 18 (81.8) 19 (90.5)
Non-White 6 (13.9) 4 (18.2) 2 (9.5)
Child Weight Statusb
BMI<85% 32 (74.4) 17 (77.3) 15 (71.4)
BMI≥85% 11 (25.6) 5 (22.7) 6 (28.6)
Primary Care Giver BMI
<18.5 1 (2.4) 1 (4.5) 0
18.5–24.9 18 (43.9) 8 (36.4) 10 (52.6)
25–29.9 13 (31.7) 8 (36.4) 5 (26.3)
≥30.0 9 (21.9) 5 (22.7) 4 (21.0)
Income (USD)
Less than $50,000 8 (18.6) 4 (18.2) 4 (81.0)
$50,000 or higher 34 (79.1) 17 (77.3) 17 (19.0)
missing 1 (2.3) 1 (4.5) 0
Gender-Child
Male 16 (37.2) 9 (40.9) 7 (36.8)
Female 27 (62.8) 13 (59.1) 14 (66.7)
Gender-Parent
Male 5 (12) 3 (14) 2 (10)
Female 36 (88) 19 (86) 19 (90)
Days/week in Childcare
0 6 (14.6) 3 (13.6) 3 (15.8)
1–4 10 (24.4) 7 (31.8) 3 (15.8)
≥5 25 (61.0) 12 (54.5) 13 (68.4)
Hours/day in Childcare
0 6 (14.6) 3 (13.6) 3 (15.8)
1–7.5 11 (26.8) 6 (27.3) 5 (26.3)
≥8 24 (58.5) 13 (59.7) 11 (57.9)
Marital Status
Married/living with partner 37 (86.0) 18 (81.8) 19 (90.5)
Divorced/separated/single 6 (14.0) 4 (18.2) 2 (9.5)
Education
More than College 26 (60.5) 14 (63.6) 12 (57.1)




Child BMI based on CDC cutpoint for child overweight and obesity
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